Supplementary Figure 4 . Nascent autophagosome appears to bud from pre-existing autophagosome ring, related to Figure 5 . Time series of GFP-LC3 and mCherry-Atg13 in the distal axon of DRG neurons. Green arrowheads denote a newly forming autophagosome that appears to bud from a pre-existing ring and remains attached to the ring as they move. Yellow arrowheads denote colocalization between LC3 and Atg13. The retrograde direction is toward the right. Scale bar, 1 µm.
Supplementary Movie 1. Ordered assembly of Atg5 followed by LC3 onto nascent autophagosomes, related to Figure 1B . DRG neurons isolated from transgenic mice expressing the autophagosome marker GFP-LC3 were transfected with mCherry-Atg5. The distal axon was analyzed by time-lapse confocal microscopy using a confocal spinning disk microscope (Perkin Elmer UltraVIEW Vox Spinning Disk Confocal with a Nikon Eclipse Ti Microscope). Frames were taken once every 2 seconds for 11 minutes. Movie is played 20 times real time. Red and green arrowheads denote the ordered appearance of Atg5 followed by LC3, respectively in 3 separate biogenesis events. Red and green signals may appear slightly offset because of delays in acquiring consecutive images, green followed by red. The retrograde direction is toward the right. Movie stills are shown in Figure 1B . Shown is a 2 minute imaging window. Movie is played 10 times real time. Red and green arrowheads mark colocalization between Atg13 and Sec61β, respectively. Red and green signals may appear slightly offset because of delays in acquiring consecutive images, green followed by red. The retrograde direction is toward the right. Movie stills are shown in Figure 5A . and green signals may appear slightly offset because of delays in acquiring consecutive images, green followed by red. The retrograde direction is toward the right. Movie stills are shown in Figure 7B .
Supplementary

Supplemental Experimental Procedures
Reagents
Constructs include GFP-Atg13 (Addgene #22875), mCherry-Atg5 (Addgene #13095), GFP-Sec61β (Addgene #15108), GFP-Sec16L (Addgene #15776), GFP-DFCP1 (obtained from Addgene #38269 and recloned into pEGFP-C2), Lyn-GFP (gift from Dr. Elias Spiliotis), DsRed2-mito (gift from Dr. Thomas Schwarz). The GFP tag on Atg13 was replaced with mCherry to generate mCherry-Atg13. CellMask
Orange plasma membrane stain was obtained from Life Technologies. Antibodies include rabbit antisynapsin (Cell Signaling) and mouse anti-PSD-95 (Millipore). Hippocampal culture. 750,000 neurons were plated onto acid-washed 25 mm glass coverslips (Carolina Biosciences) coated with 500 µg/ml Poly-L-Lysine and positioned in a 10 cm culture dish. Hippocampal neurons were cultured for 5-16 days in Neurobasal medium supplemented with 2% B-27, 37.5 mM NaCl, 33 mM glucose, 2 mM GlutaMAX, and 100 units/ml penicillin and 100 µg/ml streptomycin at 37°C in a 5% CO 2 incubator. Every 3-4 days, 20-30% media was changed and 1 µM AraC was added. in DRG neurons were taken once every 2 seconds for 5-10 minutes, green followed by red. Images in hippocampal neurons were taken once every 2 seconds for 5 minutes (axonal transport) or 10 minutes (biogenesis).
Imaging of primary neurons
Immunostain. Hippocampal neurons grown 10 DIV were fixed in 37°C 4% PFA/4% sucrose for 10 minutes, washed two times in PBS, and permeabilized in 0.1% Triton X-100 in PBS for 5 minutes.
Samples were then washed two times in PBS and blocked for 1 hour in 5% goat serum; 1% BSA in PBS.
Cells were incubated in primary antibody diluted in blocking buffer for 1 hour, washed 3 times for 5 minutes each in PBS, incubated in secondary antibody diluted in blocking buffer for 1 hour, washed 3 times for 5 minutes each in PBS. Samples were then mounted in ProLong Gold (Life Technologies) and
analyzed on a Leica DMI6000B inverted epifluorescence microscope using an Apochromat 63X 1.4 NA oil-immersion objective with a 1.6 optical magnification (Leica Microsystems). Digital images were acquired with a Hamamatsu ORCA-R 2 charge-coupled device camera using LAS-AF software (Leica Microsystems).
Image Analysis
Intensity profiles. All image analysis was performed in FIJI. While all particles exhibited the same pattern of ordered assembly, we quantitated only those that could be unambiguously tracked for the entire biogenesis event and were not obscured by other autophagosomes in the distal tip. For every frame, the mean gray value for Atg13, Atg5 or LC3 was measured within the smallest circular region of interest (ROI) that would encapsulate the entire signal. The mean gray value of an ROI of exact size was used to measure the background intensity near the puncta of interest. For every frame, the corresponding background value was subtracted from the signal value. The data were smoothed by applying a mean filter of 5. The maximum intensity value from the smoothed data was used to normalize the corresponding raw data which were then expressed as a percentage. Each smoothed trace was normalized by its own maximum, expressed as a percentage and used only to determine the time at which LC3 reached half maximal signal. This time was then used to align and plot the normalized raw data traces and generate a mean. Since the five traces averaged were of varying lengths, the mean plot was truncated on either end so the mean was generated from at least 2 traces. The Atg13/LC3 and Atg5/LC3 traces were aligned on a single graph using the half maximum of LC3. The values for timing events reported in the text were obtained from the mean intensity profiles of Atg13, Atg5 and LC3. Along with intensity measurements, coordinates for the centroid of the Atg5 ROI were obtained in FIJI and plotted using a MATLAB (Mathworks) script color-coded for time (Zajac et al., 2013) .
Line scans. A line (width of 1) was drawn across the ER image and subsequently transferred to the Atg13 image at the same exact location, and intensities along each line were determined using the Plot Profile analysis tool in FIJI. A mean background intensity value was determined for each channel by drawing a line outside the cell. The respective mean background value was subtracted from either the ER or Atg13 signals. Each data set was normalized by its own maximum value and expressed as a percentage.
Pearson's Correlation Coefficient Measurements. A maximum projection for the Atg13 movie was generated to draw a line ROI that tracked the biogenesis event. The ROI was transferred to the Atg13 and corresponding membrane movie to generate kymographs (line width of 3) using the Multiple Kymograph plugin in FIJI. Another line ROI (width of 1) was drawn on the Atg13 kymograph over the biogenesis event. Analyzing only the ROI, the Pearson's Correlation Coefficient (without thresholding) was measured between corresponding kymographs using the Coloc_2 plugin. Values shown in Figure   5C were compared using a one-way ANOVA with a Tukey's post-hoc test. In Supplementary Figure 3 , ER kymographs were inverted horizontally and the Pearson's Correlation Coefficient values were compared using a paired t-test.
